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ABSTRACT
We employ a single-zone leptonic jet model, with synchrotron, synchrotron self-Compton (SSC) and external Comp-
ton (EC) process, to reproduce the quasi-simultaneous multi-wavelength spectral energy distributions in active and
quiescent states of the narrow-line gamma-ray-loud radio source GB 1310+487. In the case of the EC process, the ex-
ternal seed photons from both broad line region (BLR) and dust torus are considered by assuming that the gamma-ray
emission region is located at the outside boundary of the BLR and inside the dust torus. Comparing the energy density
of external photon fields UBLR obtained by model fitting with that constrained from the BLR observations. We find
that the location of the gamma-ray emitting region of GB 1310+487 can be tightly constrained at the outer edge of the
BLR (the dissipation distance of the γ-ray emission region from central black hole rdiss ∼ a few times of RBLR). The
ratio of magnetic energy and emitting-electron energy in the radiation blob (ǫB = LB/Le) is gradually increased from
Flare 1, Flare 2 to Post-Flare, where the magnetic energy increase and matter energy decrease. These results suggest
that the conversion of the magnetic field and the matter (radiation electrons) energy and the location of the γ-ray
emission region (or ambient photon field) may play an important role in different radiation states of GB 1310+487.
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1. INTRODUCTION
Blazars, including flat-spectrum radio quasars (FS-
RQs) and BL Lacertae objects (BL Lacs), are a pe-
culiar sub-class of radio-loud active galactic nuclei
(AGN) with a relativistic jet pointed at a small view-
ing angle to the line of sight (Urry & Padovani 1995).
The multi-wavelength spectral energy distributions
(SEDs) from radio to γ-ray bands of blazars dom-
inantly come from non-thermal emission, where the
SED normally exhibits a two-hump structure in the
ν − νFν space. The lower energy hump (peaked at
between mm and soft X-ray wavelengths) is normally
attributed to the synchrotron emission produced by
the non-thermal electrons in the jet while the second
hump (peak at the MeV-GeV range) mainly come from
inverse Compton (IC) scattering. The seed photons
for IC scattering may come from the synchrotron pho-
tons inside the jet (SSC process, e.g., Konigl 1981;
Marscher & Gear 1985; Ghisellini & Maraschi 1989)
and/or external photons (EC process) from outside the
jet, where the external photons possibly originate from
the accretion disk (e.g., Dermer & Schlickeiser 1993;
Boettcher et al. 1997), the broad line region (BLR; e.g.,
Sikora et al. 1994; Ghisellini & Madau 1996), and/or
the molecular torus (e.g., B laz˙ejowski et al. 2000;
Ghisellini & Tavecchio 2008). A pure SSC model was
widely adopted in fitting the multi-wavelength SED of
high-synchrotron-peaked (HSP, Abdo et al. 2010a) BL
Lacs (e.g., Mastichiadis & Kirk 1997; Krawczynski et al.
2004; Zhang et al. 2014), while luminous FSRQs
prefer SSC+EC model (e.g., Sambruna et al. 1999;
Bo¨ttcher & Chiang 2002; Chen & Bai 2011; Yan et al.
2014).
GB 1310+487 is an extragalactic flat-spectrum ra-
dio source with a redshift z = 0.638 in the Fermi
γ-ray source catalogs, listed as 1FGL J1312.4+4827,
2FGL J1312.8+4828 and 3FGL J1312.7+4828 in the
First, Second and Third Fermi-LAT catalog (1FGL;
Abdo et al. 2010b, 2FGL; Nolan et al. 2012 and 3FGL;
Acero et al. 2015) respectively. A gamma-ray flare was
observed by the Fermi Large Area Telescope on 2009
November 18 (LAT; Atwood et al. 2009), with a daily
flux of ∼ 10−6 photons cm−2s−1 at energies E > 100
MeV (Sokolovsky et al. 2009, 2014), then it became one
of the brightest GeV γ-ray sources for about two weeks.
The multi-wavelength SEDs of GB 1310+487 show
a double-peaked structure (Sokolovsky et al. 2014),
which is the typical features of blazars and gamma-
ray-loud narrow-line Seyfert 1 (NLSy1) galaxies. The
multi-wavelength SEDs of the three different states
of GB 1310+487 were organized, and the evolu-
tion of the observed SEDs were preliminarily dis-
cussed by Sokolovsky et al. (2014) on the basis of a
blazar leptonic jet model, which has successfully been
used to explain the SEDs of blazar, and also was
employed to study the SED of GeV-bright NLSy1
galaxies (e.g., Abdo et al. 2009c; Paliya et al. 2013;
Sun et al. 2015; Paliya et al. 2016; Paliya & Stalin
2016) and non-blazar GeV-bright AGNs, such as Perseus
A (NGC1275; Abdo et al. 2009a), M87 (Abdo et al.
2009b), Cen A (Chiaberge et al. 2001) and 3C 120 (e.g.,
Sahakyan et al. 2015). Sokolovsky et al. (2014) pro-
posed that the GeV γ-ray emission of GB 1310+487 is
dominated by the EC process. However, the source of
the seed photons for the EC process is not determined
due to the unclear γ-ray emission region location, where
the external seed photons may come from accretion-
disk and/or BLR, and/or dusty torus. Furthermore,
the external photons may also come from multiple com-
ponents. The γ-ray spectrum is a varying contribu-
tion from multiple EC components (e.g., EC on accre-
tion disk and dusty torus photons or EC on BLR and
dusty torus photons; e.g., Brown 2013; Finke & Dermer
2010; Dermer et al. 2014; Yan et al. 2015; Paliya et al.
2015; Zheng et al. 2017). Yang & Zhou (2016) em-
ployed a synchrotron + SSC + EC model to investigate
the gamma-ray origin of the GeV-bright active galaxy
GB 1310+487 through modeling its quasi-simultaneous
SEDs in active and quiescent states. They proposed
that the GeV gamma-ray emission of GB 1310+487
is dominated by the EC process scattering external
soft photons coming from a simple blackbody radiation
spectrum with a characteristic temperature Text ∼ 11.2
eV.
Some recent works suggested that the high energy
gamma rays might come from multiple emission re-
gions (e.g., Brown 2013) or external soft photons come
from two/multiple emission region (e.g., BLR and dusty
torus) in an EC process (e.g., Finke & Dermer 2010;
Dermer et al. 2014; Yan et al. 2015; Paliya et al. 2015).
In order to understand the possible origin of the gamma
rays in GB 1310+487, in this work, we try to ex-
plore whether the traditional one-zone leptonic model
after including a multiple EC components, where ex-
ternal soft photons come from both BLR and dusty
torus, can explain its multi-wavelength SEDs or not.
Throughout the letter, we assume the following cosmol-
ogy: H0 = 70 km s
−1Mpc−1, Ω0 = 0.3 and ΩΛ = 0.7.
2. THE MODEL
In this work, we adopt the traditional one-zone syn-
chrotron + IC model to fit the SEDs of GB 1310+487,
a model that is widely used in blazars (see e.g.,
Ghisellini et al. 2010 and references therein). A homo-
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geneous sphere with radius R embedded in a magnetic
field B is assumed, that moves relativistically with a
speed of υ = βc (c is the speed of light in vacuum,
bulk Lorentz factor Γ = 1/
√
1− β2) along the jet ori-
entation. Doppler factor δ = [Γ (1− β cos θ)]−1 ≈ Γ
is assumed for the relativistic jet with a small viewing
angle θ ≤ 1/Γ. The electron spectrum is assumed as a
broken power-law distribution, with indices p1 and p2
below and above the break energy γbmec
2,
N(γ) =


N0γ
−p1 γmin ≤ γ ≤ γb
N0γ
p2−p1
b γ
−p2 γb < γ ≤ γmax
(1)
where γmin and γmax are the minimum and maximum
electron Lorentz factors, and N0 is the normalization
of the particle distribution. Such a broken power-law
distribution is a steady-state electron spectrum, which
could be the result of the balance between the particle
cooling and escape rates in the blob (e.g., Kardashev
1962; Sikora et al. 1994; Inoue & Takahara 1996;
Kirk et al. 1998; Ghisellini et al. 1998; Bo¨ttcher & Chiang
2002; Chen et al. 2012; Bo¨ttcher et al. 2013).
Some recent works suggested that the γ-ray emis-
sion region of blazar jets might be located near the
outer boundary of the BLR and within the dust
tours (e.g., Schinzel et al. 2012; Jorstad et al. 2013;
Cerruti et al. 2013; Dermer et al. 2014; Casadio et al.
2015; Bo¨ttcher & Els 2016; Zheng et al. 2017), where
contributions from both BLR and torus photons are re-
quired to explain the observed gamma-ray spectrum. In
the EC process the external soft photons come from two
emission region (e.g., both BLR and dusty torus; e.g.,
Finke & Dermer 2010; Dermer et al. 2014; Yan et al.
2015; Paliya et al. 2015). Since the location of the
γ-ray emission region is still unclear, different from
Yang & Zhou (2016) the external seed photons are con-
sidered to originate from one single region (e.g., BLR
or dust tours), we assume a dual-component Compton-
scattering scenario in which the external seed photons
predominantly originate from both the BLR and the
dust torus, where the gamma-ray emission region locate
outside the broad-line region and within the dusty torus.
The external radiation field is characterized by
an isotropic blackbody with the temperature T =
hνp/(3.93kB), where νp is the peak frequency of seed
photons in the ν − νFν space. For the BLR cloud,
the most prominent contribution comes from the Lyα
line, and hence the spectrum is assumed to be a
blackbody with a peak around 2 × 1015 Γ Hz (see,
Ghisellini & Tavecchio 2008). For the IR torus, the
spectrum is assumed to be a blackbody with a peak
frequency of νIR = 3 × 10
13 Γ Hz in the comoving
frame (Cleary et al. 2007). The energy densities of ex-
ternal photon fields of the BLR (UBLR) and the dusty
torus (Utorus) are a function of the distance from the
central black hole (e.g., Ghisellini & Tavecchio 2009;
Sikora et al. 2009; Hayashida et al. 2012). Assuming
the gamma-ray emission region is located outside the
BLR and within the dusty torus, the value of the UBLR
decreases quickly, while the the value of the Utorus is
roughly not changed. So in the model, the UBLR is set
as a free parameter and the Utorus = 3 × 10
−4Γ2 erg
cm−3 (Cleary et al. 2007) is assumed in the jet comov-
ing frame.
The Klein-Nishina effect in the inverse Compton scat-
tering and the self-absorption effect in synchrotron emis-
sion are properly considered (see, Rybicki & Lightman
1979; Blumenthal & Gould 1970). The high energy γ-
ray emission is expected to be significantly absorbed by
the extragalactic background light (EBL) via pair pro-
duction. The absorption of gamma-rays by the EBL
can be estimated using the model-dependent gamma-
ray opacity of τ(ν, z), where the relation between the
observed spectrum, Fobs(ν), and the intrinsic spectrum,
Fin(ν), can be described as follows:
Fobs(ν, z) = e
−τ(ν,z)Fin(ν, z), (2)
where τ(ν, z) is the absorption optical depth resulting
from interactions with the EBL (e.g., Kneiske et al.
2004; Dwek & Krennrich 2005; Gilmore et al. 2012;
Franceschini et al. 2008; Finke et al. 2010; Kneiske & Dole
2010; Domı´nguez et al. 2011; Ackermann et al. 2012;
H.E.S.S. Collaboration et al. 2013). In order to mini-
mize hardening introduced from EBL absorption cor-
rections, we adopt the absorption optical depth derived
from the EBL model proposed by Domı´nguez et al.
(2011) in our calculations. In our SED modeling of
Figure 1, we assume the model prediction as the in-
trinsic emission and correct it to our local universe
using equation (2), and compare it with the observa-
tional data (e.g., Zheng & Zhang 2011; Zheng & Kang
2013; Zheng et al. 2013, 2014, 2016; Kang et al. 2012,
2014b,a, 2016).
3. MODEL THE SEDS OF GB 1310+487
The quasi-simultaneous multi-wavelength data from
high energy gamma-rays (Fermi-LAT, AGILE), X-ray
and UV (Swift), optical (Kanata, NOT, and Keck),
infrared (IR, OAGH and WISE) and radio (IRAM
30m, OVRO 40m, Effelsberg 100 m, RATAN-600 and
VLBA) for GB 1310+487 at two active states (Flare
1 and Flare 2) and Post-Flare state are collected from
Sokolovsky et al. (2014) and shown in Figure 1. Flare 1
(the first and brighter flare) showed a higher flux and
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peaked around 2009 November 27 (JD2455163) with
the weekly averaged flux of (1.4 ± 0.1) × 10−6 photons
cm−2 s−1. Flare 2 (the second flare ) showed a weekly
integrated flux of (0.54±0.07)×10−6 photons cm−2 s−1
and peaked around 2010 June 17 (JD2455365), with the
daily flux of ∼ 0.54 × 10−6 photons cm−2 s−1 lasting
about three weeks. The two flares present various kinds
of flux evolution. Flare 1 shows a fast rise and slower
decay trending, while a gradual flux rise and rapid decay
was observed in Flare 2 (see, Sokolovsky et al. 2014).
We apply the one-zone jet model as described in Sec-
tion 2 to reproduce the multi-waveband SEDs of GB
1310+487. There are 10 parameters in the SSC + EC
(BLR) + EC (torus) model: R, δ, B, p1, p2, γmin, γmax,
γb, N0 and UBLR. In order to reduce the number of free
parameters, the radius of the emitting region in the jet
frame can be constrained with the minimum variabil-
ity timescale and redshift with R 6 δctvar/(1 + z) ∼
1.58 × 1015δ cm, where the timescale of variability of
the γ-ray observations of Fermi is about half a day
(Sokolovsky et al. 2014). A conservative estimate of
1 day is adopted (Yang & Zhou 2016). The typical
γmin = 40 (e.g., Kang et al. 2014a; Zhang et al. 2014)
and γmax = 1 × 10
8 (γmax >> 100γb) are adopted in
our fitting, which will not affect our main results (e.g.,
Kang et al. 2016). The other parameters, B, δ, p1, p2,
γb, N0 and UBLR, were kept free in our fitting.
The multi-wavelength SEDs of GB 1310+487 are
reproduced using the least-square (χ2) fitting tech-
nique (e.g. Mankuzhiyil et al. 2011; Zhang et al.
2012, 2014; Kang et al. 2014a). In order to con-
strain the model parameters (e.g., B) by the syn-
chrotron radiation spectrum, the GHz (86.24 and
142.33 GHz, see Table 5 in Sokolovsky et al. 2014) ra-
dio data are also included in χ2 fitting where a slow
rising trend in the radio before and during the γ-
ray flares occurred may suggest a common origin of
the GHz radio and γ-ray emission, as suggested for
other blazars (Kovalev 2009; Ackermann et al. 2011;
Arshakian et al. 2012; Linford et al. 2012; Wehrle et al.
2012; D’Ammando et al. 2013; Orienti et al. 2013), so
it may be reasonable that the radio data is included
in the SED fitting. There are 25 observational data
points (including 2 radio, 9 optical and infrared, 1
X-ray and 13 γ-ray data points) in Flare 1 state, 37
observational data points (including 2 radio, 24 optical
and infrared, 1 X-ray and 10 γ-ray data points) in Flare
2 state and 11 observational data points (including 2
radio, 5 optical and infrared, 1 X-ray and 3 γ-ray data
points) in Post-Flare state in the SED modeling. The
observational error of the data points in the radio, in-
frared, optical, X-ray and γ-ray band are considered in
χ2 fitting. We generate all the parameters in a broad
range, and calculate the reduced χ2r for these parame-
ters. Then we derive the probability distribution of χ2r
(e.g., p ∝ exp(−χ2r )), and the maximum probability cor-
responds to the best-fit parameters. The 1σ uncertainty
of each parameter is derived from the Gaussian fit to
its probability distribution by setting other parameters
to their best-fit values (e.g., Zhang et al. 2012, 2014;
Kang et al. 2014a).
The best fits are shown in Figure 1. The dotted,
dashed, dot-dashed, long-dashed and solid lines repre-
sent the synchrotron, SSC, ECBLR, ECtorus and total
emission respectively. The 1-sigma parameter spaces are
shown with the gray background inside the plot. The
upper, middle and lower panels show the SEDs of Flare
1, Flare 2 and Post-flare state respectively. The higher
χ2 value of Flare 1 indicates a worse fit compared to
Flare 2 and Post-flare (see Table 1), due to the bad fit
of the model for the high energy points. The best-fit
parameters, uncertainties and the values of χ2 are listed
in Table 1. We find that the SEDs of Flare 1, Flare 2
and Post-flare state can be roughly reproduced by the
leptonic jet model with the Syn + SSC + EC (BLR) +
EC (torus) model.
From Flare 1, Flare 2 to the post-flare, the mag-
netic field intensities B are gradually increasing from
0.40±0.02, 0.70±0.04 to 0.76±0.05; γb decreases from
2.07±0.07, 1.93±0.05 to 1.50±0.08; and N0 decreases
from 1.11±0.32, 0.43±0.35 to 0.36±0.15, which are con-
sistent with the the results obtained by Yang & Zhou
(2016). However, the Doppler factor δ is a rough con-
stant which agrees well with the Doppler factor esti-
mated from the variability brightness temperature by
assuming the intrinsic brightness temperature is limited
to an equipartition value (e.g., see Hovatta et al. 2009
; Fan et al. 2009a,b; Savolainen et al. 2010 for more de-
tails). This is inconsistent with the results obtained by
Yang & Zhou (2016) where it gradually decreases. We
also note an interesting result that the energy density
of the BLR (UBLR) in our modeling is gradually de-
creased from From Flare 1, Flare 2 to the post-flare,
where UBLR = (1.55 ± 0.47) × 10
−3 erg cm−3 (Flare
1), UBLR = (1.48 ± 0.26) × 10
−3 erg cm−3 (Flare 2),
UBLR = (0.21 ± 0.06) × 10
−3 erg cm−3 (Post-flare) in
rest frame.
4. CONSTRAIN γ-RAY EMISSION REGION SITE
Recently, some works proposed that the energy den-
sities of the BLR radiation (UBLR) are a function of
dissipation distance rdiss from the central black hole
(e.g., Ghisellini & Madau 1996; Ghisellini & Tavecchio
2009), which can be approximately expressed by (see,
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Table 1. The relevant parameters of GB 1310+487 (input
model parameters and output luminosities).
Parametera Flare 1 Flare 2 Post-Flare
B 0.40±0.02 0.70±0.04 0.76±0.05
δ 15.97±0.46 16.32±0.37 16.17±0.55
p1 2.11±0.02 2.15±0.04 2.14±0.03
p2 14.02±3.23 14.24±3.54 14.21±4.46
γb 2.07±0.07 1.93±0.05 1.50±0.08
N0 1.11±0.32 0.43±0.35 0.36±0.15
UBLR 1.55±0.47 1.48±0.26 0.21±0.06
χ2r 3.12 1.79 0.98
LB 2.63× 10
44 8.07 × 1044 9.51 × 1044
Le 1.42× 10
45 5.60 × 1044 4.49 × 1044
ǫB 0.18 1.46 2.12
rdiss 2.64RBLR 2.68RBLR 5.20RBLR
aThe dimensional of model parameters are:
B(G), γb(10
4), N0(10
4 cm−3), UBLR(10
−3erg cm−3),
LB(erg s
−1), Le(erg s
−1), ǫB = LB/Le,
Sikora et al. 2009; Hayashida et al. 2012)
UBLR(r) =
τBLRLdisc
4πR2BLRc[1 + (rdiss/RBLR)
3]
, (3)
The reverberation mapping indicated that the typi-
cal size of the BLR is related to the disc luminosity
Ldisc: RBLR = 10
17(Ldisc/10
45 erg s−1)1/2 cm (e.g., see
Kaspi et al. 2007; Bentz et al. 2009; Ghisellini & Tavecchio
2009; Ghisellini et al. 2014). The equation (3) can be
rewritten as (see, Yan et al. 2015)
UBLR(r) ≃
0.3τBLR
1 + (rdiss/RBLR)3
erg cm−3, (4)
where τBLR is the fraction of the disc luminosity re-
processed into BLR radiation. The typical value is
τBLR = 0.1 (e.g., see Ghisellini et al. 2014).
Using equation (4), the distance rdiss from the cen-
tral black hole to the emitting blob can be calcu-
lated as rFlare1 ≃ 2.64RBLR, rFlare2 ≃ 2.68RBLR and
rPost−Flare ≃ 5.20RBLR in Flare 1, Flare 2 and the Post-
Flare states respectively, based on the UBLR obtained
from model fitting the SEDs of GB 1310+487. The aver-
age value of the distance is raverage ≃ 3.51RBLR. Which
is consistent with some recent work in some blazars (e.g.,
Finke & Dermer 2010; Dermer et al. 2014; Yan et al.
2015; Paliya et al. 2015).
The luminosity of BLR (LBLR ≃ 1.08× 10
41 erg s−1)
can be obtained from the luminosity (LHβ) of the Hβ
emission line of GB 1310+487 (Flux of Hβ line is (0.24±
Figure 1. The SED of GB 1310+487. The red solid points,
blue squares and black triangles indicate the broadband quit-
simultaneous observational data of Flare 1, Flare 2 and Post-
Flare state (Sokolovsky et al. 2014). The dotted, dashed,
dot-dashed, long-dashed and solid lines represent the syn-
chrotron, SSC, ECBLR, ECtorus and total emission. The gray
backgrounds inside the plot indicate the 1-sigma parameter
space of the SEDs model. The upper, middle and lower pan-
els show the SEDs of Flare 1, Flare 2 and Post-Flare state
respectively.
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0.06)× 10−17 erg cm−2s−1, see Sokolovsky et al. 2014),
base on equation 1 in Celotti et al. (1997). Assuming
the disc luminosity Ldisc ≃ 10LBLR, we estimate the
size of BLR (RBLR ≃ 3.28× 10
15 cm) and the distance
from the central black hole to the emitting blob rdiss ≃
3.7× 10−3 pc.
5. CONCLUSION AND DISCUSSION
In this work, we employ a leptonic model with the
least-square (χ2) fitting technique to reproduce the
multi-wavelength SEDs of GB 1310+487 in Flare 1,
Flare 2 and Post-Flare states. The leptonic jet model
with the Syn + SSC + EC (BLR) + EC (torus) model
can reproduce the SEDs of GB 1310+487 in Flare 1,
Flare 2 and Post-Flare states, where the magnetic en-
ergy increase, matter energy decrease and external pho-
ton fields decrease. The dissipation distance rdiss from
the γ-ray emitting region to the central black hole is
constrained at raverage ≃ 3.51RBLR, from rFlare1 ≃
2.64RBLR (Flare 1), rFlare2 ≃ 2.68RBLR (Flare 2) to
rPost−Flare ≃ 5.20RBLR (Post-Flare). We propose that
the transformation of the magnetic field, the matter en-
ergy and the location of the γ-ray emission region (or
ambient photon field) may play an important role in
different radiation states of GB 1310+487.
From Flare 1, Flare 2 to Post-Flare, the ratio of mag-
netic energy and emitting-electron energy in the blob
ǫB = LB/Le (see Table 1) are gradually increasing from
ǫB = 0.18, ǫB = 1.46 to ǫB = 2.12, which are consistent
with other Blazars with near energy equipartition (e.g.,
Ghisellini et al. 2014). The magnetic energy increase
and matter energy decrease, which suggest an effective
acceleration of the emitting electrons takes place at the
expense of energy of the magnetic field. It might indi-
cate that the reduced energy of the Poynting flux is used
to accelerate electrons (Yang & Zhou 2016). Which may
be one of the major factors to induce the observed activ-
ity of the GB 1310+487 by a conversion from magnetic
energy to the energy of the radiating electrons.
The input energy density of external photon fields
UBLR ∼ (0.2 − 1.5) × 10
−3 erg cm−3 in flare 1, flare
2 and Post-Flare states are gradually decreasing and
about 1-2 orders of magnitude lower than that in lumi-
nous FSRQs, where UBLR ∼ 2.6 × 10
−2 erg cm−3 (see
Ghisellini & Tavecchio 2008; Ghisellini & Tavecchio
2009, for details). This may be caused by the variation
of the location of the γ-ray emission region, based on the
energy densities of BLR radiation (UBLR) are a function
of dissipation distance rdiss from the central black hole
(e.g., Ghisellini & Madau 1996; Ghisellini & Tavecchio
2009), or are caused by a decreasing ambient photon
field that might be caused by a decreasing accretion rate
onto the central supermassive black hole (Paggi et al.
2011). The increase of the flux of inverse Compton
emission not accompanied by the increase of the flux of
synchrotron emission as observed in Flare 1 and Flare 2
states may suggest this viewpoint. However, it should
be noted that the high energy γ-ray spectrum in Flare
1 couldn’t be well reproduced, which may be caused by
different (or extra) radiation mechanism between Flare
1 and Flare 2. Flare 1 shows a fast rise and slower decay
trending, while a gradual flux rise and rapid decay was
observed in Flare 2 (see, Sokolovsky et al. 2014). For
the various kinds of flux evolution of the two flares, fur-
ther research is needed to explore different generation
mechanisms.
Based on the link of the energy densities of BLR
radiation (UBLR) and the dissipation distance rdiss
from the central black hole (e.g., Ghisellini & Madau
1996; Ghisellini & Tavecchio 2009; Sikora et al. 2009;
Hayashida et al. 2012), we calculated the dissipation
distance rFlare1 ≃ 2.64RBLR (Flare 1), rFlare2 ≃
2.68RBLR (Flare 2) and rPost−Flare ≃ 5.20RBLR (Post-
Flare), with a average value raverage ≃ 3.51RBLR. The
value of the dissipation distance rdiss is roughly con-
sistent with some recent works (e.g., Finke & Dermer
2010; Dermer et al. 2014; Yan et al. 2015; Paliya et al.
2015) that the γ-ray emission region of blazar jet
might be located near the outer boundary of the BLR
and within the dust tours (e.g., Schinzel et al. 2012;
Jorstad et al. 2013; Cerruti et al. 2013; Dermer et al.
2014; Casadio et al. 2015; Bo¨ttcher & Els 2016; Zheng et al.
2017) where contributions from both BLR and torus
photons are required to explain the observed gamma-
ray spectrum. It should be noted that the RBLR of
GB 1310+487 is much less than that of other typi-
cal blazars (e.g., RBLR ∼ 0.1 pc), and, therefore, the
rdiss ≃ 3.51RBLR is very small. It may be that the
RBLR is underestimated due to the low flux of the Hβ
line (e.g., contaminated by the foreground galaxy) with
(0.24 ± 0.06) × 10−17 erg s−1 cm−2 (Sokolovsky et al.
2014), or some other reasons, for instance, it would be
the case if the central black hole mass (MBH) is smaller
than the one typically found in blazars, since the RBLR
gros with increasing MBH (e.g., Ho 1999; Wandel et al.
1999). In addition, one other thing to be noted is that
GB 1310+487 is located in a double system, a fore-
ground galaxy at z=0.500 (probably not AGN) and the
background AGN at z=0.638 (Sokolovsky et al. 2014).
The absorption of the foreground galaxy would result in
the optical spectrum “redder” (thus forming the steep
spectrum) and the X-ray spectrum “harder”. Which
complicates the interpretation of the SED, the model
fitting parameters might be affected by the absorption
location of γ-ray emission region of GB 1310+487 7
of the foreground galaxy, especially in the optical part
of the spectrum (e.g., the larger than usual value of
p2)(e.g., Sokolovsky et al. 2014; Yang & Zhou 2016).
The large number of free parameters may also affect
the model parameters constraints, particularly in the
case of a possible degeneracy in the model; or the model
used in the work is a too simplistic model for this prob-
lem. Our results suggest that the location of the γ-ray
emitting region of GB 1310+487 is tightly constrained
at the outer boundary of the BLR (the dissipation dis-
tance of the emission region from central black hole
rdiss ∼ a few times of RBLR), where both BLR and
torus energy densities are contributed to the observed
γ-ray spectrum. The conversion of the magnetic field
and the matter (radiation electrons) energy and the lo-
cation of the γ-ray emission region (or ambient photon
field) may play an important role in different radiation
states of GB 1310+487.
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and helpful comments and suggestions, which greatly
helped us to improve our paper. This work is supported
by the Research Foundation for Advanced Talents of
Liupanshui Normal University (LPSSYKYJJ201506).
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